Abstract: An efficient method for the synthesis of the title compounds by reactions of divinyl ketones with thiourea is described. This protocol has the advantages of high yields, mild reaction conditions and simple work-up procedure.
Introduction
Pyrimidine-2-thiols are widely used in medicinal chemistry because of their broad spectrum of biological activities [1, 2] . They are precursors to important organic compounds [3] [4] [5] and organometallic complexes [6] [7] [8] . In addition, they can also be utilized in the determination of many metal ions (Pb, Ru, Bi, Pd, Pt) as selective and sensitive ligands in analytical chemistry [9] [10] [11] [12] [13] [14] .
The traditional method for the synthesis of unsubstituted pyrimidine-2-thiol is based on the reaction of 1,1,3,3-tetraethoxypropane with thiourea in a strong acidic medium [15] . Synthesis of substituted pyrimidine-2-thiols involves the reactions of β-enaminoamides with thiourea under basic conditions [16] and the reactions of chalcones with thiourea [17] [18] [19] [20] . In this paper, we report a facile preparation of 4-arylethyl-6-arylpyrimidine-2-thiols by reactions of divinyl ketones with thiourea through aza-Michael addition/nucleophilic addition/aromatization tandem processes.
Results and discussion
Initially, (1E,4E)-1,5-diphenylpenta-1,4-dien-3-one (1a) was allowed to react with thiourea in ethanol in the presence of potassium hydroxide as a base (Scheme 1). The isolated product was 4-phenethyl-6-phenylpyrimidine-2-thiol (2a), the structure of which was confirmed by spectral methods and elemental analysis. The reactions conducted in MeCN, N,N-dimethylformamide, dimethyl sulfoxide and n-PrOH were inefficient, and a moderate yield of 42% was obtained in MeOH. However, the best yield of 86% was obtained using EtOH as solvent. Inorganic bases, such as Na 2 CO 3 , K 2 CO 3 and Cs 2 CO 3 , and organic bases, such as
octane, 4-dimethylaminopyridine and Et 3 N, had little or no effect on the reaction. However, high yields of 2a in the range of 79-86% were obtained for the reaction conducted in the presence of strong bases including NaOH, KOH and KOBu t . The highest yield of 86% was obtained in the presence of KOH. This optimal yield was observed by using 2 equiv of KOH based on 1a at 80°C for 8 h.
The reactions of other substrates containing a wide range of functional groups including electron-donating groups (Me and MeO) and electron-withdrawing groups (F, Cl and Br) on aromatic rings of divinyl ketones 1a-p furnished the corresponding products 2a-p in good to high yields. In addition, divinyl ketones containing heterocycles, such as 2-furanyl and 3-thienyl, were also transformed into the corresponding products 2q-r in good yields. Unfortunately, the reactions of divinyl ketones bearing nitro group on aromatic rings and aliphatic divinyl ketones were not successful. All products 2a-r were characterized by proton nuclear magnetic resonance ( 1 H NMR), carbon-13 nuclear magnetic resonance ( 13 C NMR), infrared (IR) and elemental analysis. A plausible mechanism is illustrated for the synthesis of 2a in Scheme 2 [16, 18, 20] . As can be seen, the initial aza-Michael addition reaction generates the intermediate product A. Compound A undergoes intramolecular cyclization, which is followed by dehydration to afford intermediate product B. The intermediate product B is a direct precursor to the observed final product 2a.
Conclusion
An efficient method for the synthesis of 4-arylethyl-6-arylpyrimidine-2-thiols by reactions of divinyl ketones with thiourea through aza-Michael addition/nucleophilic addition/aromatization tandem processes was developed.
Experimental

1
H NMR (600 MHz) and 13 C NMR (150 MHz) spectra were obtained with a Mercury-600B instrument using deuterated chloroform (CDCl 3 ) as solvent and tetramethylsilane (Me 4 Si) as the internal standard. IR spectra were recorded as KBr pellets. Elemental analyses were performed on a Vario El Elemental Analysis instrument. Melting points were observed on an Electrothermal melting point apparatus. Divinyl ketones were synthesized according to the literature procedure [21, 22] .
General procedure for synthesis of 4-arylethyl-6-arylpyrimidine-2-thiols (2a-r)
A mixture of divinyl ketone (1, 1 mmol), thiourea (1.5 mmol) and potassium hydroxide (2 mmol) in ethanol (5 mL) was stirred at 80°C for 8 h.
The reaction progress was monitored by thin-layer chromatography (TLC). After the completion of the reaction, the mixture was extracted with ethyl acetate (3 × 10 mL). The extract was washed with saturated brine (3 × 10 mL), dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue of 2a-r was purified by column chromatography eluting with a mixture of petroleum ether and ethyl acetate (10:1). Z Bromophenethyl)-6-(4-bromophenyl) Furan-2-yl)-6-(2-(furan-2-yl) -3-yl)-6-(2-(thiophen-3-yl) 
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